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INTftODUaiON 
PROTEASE INHIBITORS 
Protease inhibitors are ubiquitous and 
constitute an important group of proteins in animals, 
plants and microorganisms (Laskowski and Kato, 1980; 
Liener, 1979; Richardson, 1977). The gross 
physiological function of protease inhibitors is the 
prevention of unwanted proteolysis. With the exception 
of macroglobulins, which inhibit proteinases of nearly 
all classes, individual protein inhibitors act only on 
proteinases belonging to a single mechanistic class. 
Protease inhibitors play a key regulatory role in 
many important physiological systems, as in those of 
blood coagulation, fibrinolysis, complement cascade 
and peptide or protein hormone release. Imbalance among 
these systems occurs often in many pathophysiological 
processes, as in inflammation, pulmonary emphysema, 
septicemia, acute pancreatitis and tumours. These 
problems to some extent can be clinically treated 
successfully with some appropriate inhibitors (Neurath, 
1986; Fritz, 1980; Schnebli and Braun, 1986) . 
Proteinase inhibitors in plants serve a defensive 
function against insect infestation by inhibition of 
insect proteinases. Therefore the search for proteinase 
inhibitors is not only of importance for studies on 
protein structure function relationship and on the 
interaction between proteins, but also of high value in 
practial application. 
Most of the inhibitors interact with the 
proteinases according to a common mechanism. In each 
inhibitor molecule there exists on the surface one 
peptide bond, the reactive site, which combines with 
the enzyme in a substrate like manner and serves as a 
substrate for the enzyme. In the stable enzyme-
inhibitor complex the reactive site peptide bond of the 
inhibitor is still intact, but the carbonyl carbon is no 
longer trigonal. It is appreciably pyramidalized by the 
interaction of its oxygen with the "oxyanion hole" of 
the enzyme. The conformation of residues surrounding the 
reactive site peptide bond is that of an optimal 
substrate. Rective sites are very rigid. Upon enzyme 
inhibitor interaction confarmational changes in either 
partner are minimal; it is almost a classical lock 
and key interaction (Laskowski and Kato, 1980) , 
The known protease inhibitors are not all 
homologous but consist of several families, which 
appear to have arisen by convergent rather than 
divergent evolution. A striking characteristic of 
inhibitors is the presence of several homologous 
reactive sites on the same polypeptide chain, which 
arise from gene elongation by repeated duplication 
(Laskowski and Kato, 1980). 
The protease inhibitors are exceptional among 
proteins since they tend to retain their inhibitory 
activity upon replacement of their reactive site 
residue (P^ ) by another residue. In some cases such 
a substitution leads to a predictable change in 
inhibitory activity, e.g. Arg •-> Trp"-^  m soybean 
trypsin inhibitor (Kunitz) leads to the conversion of 
a trypsin inhibitor to a chymotrypsin inhibitor. Such 
changes, which can be carried out in the laboratory, 
also occur during inhibitor evolution. Thus within each 
inhibitor family the P^ residue is not conserved, but 
changes frequently, often resulting in changes in 
inhibitory specificity. This hypervariability of 
reactive sites during evolution stands in sharp 
contrast to the evolution of other proteins, where 
active sites are strongly conserved. However, in most 
other proteins, substitutions at active sites lead to 
the loss of activity (Laskowski and Kato, 1980). 
PLANT PROTEASE INHIBITORS 
Plant protease inhibitors are now drawing great 
attention and interest as they may play an important 
role in the defence strategy of plants against insect 
predators by reducing the digestibility and nutritional 
quality of the leaves (Gustafson and Ryan, 1976; 
Ryan, 1978). More recent studies have shown that 
transformation of tobacco plants with a gene encoding 
the cowpea trypsin inhibitor or potato inhibitor 
conferred increased resistance against herbivorous 
insect invasion (Hilder sL al., 1987; Johnson ^ 
al.. 1989). Wounding of potato leaves leads to 
great increase in the level of a polysaccharide 
hormone - the proteinase inhibitor inducing factor 
(PIIF), which inturn leads to large increases in 
inhibitor levels (Green and Ryan, 1972; Ryan, 1974) . 
Many proteinase inhibitors of plant origin have 
been purified in recent years. The ubiquitous 
occurence of protein protease inhibitors in legume 
seeds is well established and they have been purified 
and characterized from several members of this family 
(Richardson, 1977) . 
Several inhibitors of carboxyl, metallo and 
sulfhydryl proteinases have been reported (Laskowski 
and Kato, 1980) . However, they remain an understudied 
group and mechanism of action of many of these 
inhibitors is also not clear. 
Inhibitors of Serine Proteinases - The number of 
well characterized inhibitors of serine proteinases 
far exceeds the number of described inhibitors of 
the other three classes of proteinases. The mechanism 
of interaction of protein inhibitors of serine 
proteinases with their cognate enzymes is also known 
in considerable detail. Proteinous inhibitors of 
serine proteinases are commonly found in many plants 
and are especially abundant in seeds. These serine 
proteinase inhibitors of plant origin are classified 
into separate families (Laskowski, 1986), based on 
their homology in primary structures including the 
locations of the reactive site and disulfide bridges. 
Bowman-Birk Inhibitor Family - This consists of 
inhibitors of low molecular weight ( 8000-10,000), 
with a high content of cystine and exhibit greater 
stability to changes of pH and temperature (Sharma 
and Rao, 1991) . The inhibitors have been readily 
isolated from the seeds of leguminous plants. A large 
number of the Bowman -Birk inhibitors have been 
identified and sequenced. The inhibitors consist of 
two tandem homology regions on the same polypeptide 
chain, each with a reactive site (Krahn and Stevens, 
197 0) . The homology regions are linked by 
interhoraology region disulfide bonds (Odani and 
Ikenaka, 1973). Both homology regions are separately 
active, but are weaker inhibitors than the parent 
molecule, presumably due to partial loss of rigidity 
(Odani and Ikenaka, 1973; Smirnoff ££ al., 1976). 
In most Bowman - Birk type inhibitors the P^ 
residue in the first (NHj-terminal) homology region 
is Lys, and trypsin is inhibited, while the P-, 
residue in the second homology region is Leu, and 
chymotrypsin is inhibited. However, these residues 
vary a good deal. Particularly interesting is the 
soybean inhibitor D-II, in which both PI residues are 
Arg and which is double headed for trypsin. This 
inhibitor can be viewed as an ancestor of other 
inhibitors (Odani and Iknaka, 1978). 
Soybean Trypsin Inhibitor (KTJNITZ) Family - This family 
consists of inhibitors of large molecular weight 
(>20,000) with low cystine content and high heat 
lability (Sharma and Rao, 1991). The first plant 
inhibitor to be the well characterized was soybean 
trypsin inhibitor (Kunitz). Its isolation and 
crystallization and that of its complex with trypsin 
is one of the classical achievements of inhibitor 
chemistry (Kunitz, 1947). The sequence (Koide and 
Ikenaka, 1973; Koide ejt ai,. , 1973) and three 
dimensional structure of the porcine trypsin-inhibitor 
complex were determined (Sweet sX. al., 1974). This 
inhibitor served as the main substrate for work that 
established the standard mechanism. 
Soybean trypsin inhibitor (Kunitz) is often 
confused with Bowman-Birk inhibitor, but the two are 
strikingly different. The polypeptide chain in single 
headed Kunitz soybean inhibitor has 181 amino acid 
residues and only two disulfide bridges (figure l,a) 
while Bowman Birk is typically double headed, has 7 
disulfides, and only about 70 amino acid residues 
(figure l,b). 
The Kunitz type inhibitors have also been isolated 
from Silktree (Odani et al., 1979), Winged bean (Kortt, 
1979; Kortt, 1980; Yamamoto et. ai., 1983), Acacia elata 
(Kortt and Jermyn, 1981) and Erythrina latissima 
(Joubert et al., 1981). 
Other Inhibitor Families - Another extremely rich source 
of proteinase inhibitors are potatoes and related 
plants (Ryan, 1973; Richardson, 1977). Many 
inhibitors, including carboxypeptidase inhibitor and 
several familes of serine proteinase inhibitors, are 
present. The best understood are the potato I 
inhibitors, which are noncovalent tetramers of a single 
- chain inhibitor with only a single intrachain 
disulfide bridge (Ryan, 1966; Melville and Ryan, 1972), 
r 
u LU 
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Far more complex is the potato II family, where amino 
acid sequences have been reported for a " low -
molecular weight chymotrypsin" inhibitor (Hass et 
al. , 1978), for an inhibitor from egg plant 
(Richardson, 1979), and for inhibitory fragments of 
two larger serine proteinase inhibitors -II a (Iwasaki 
et al., 1976; Iwasaki et ai-. 1974), and II b (Iwasaki 
e^al.,1976; Iwasaki et al., 1975). 
It has been reported that in response to 
wounding, tomato plants accumulate large quantities 
of two proteinaceous inhibitors of chymotrypsin, 
called inhibitor I and inhibitor II (Green and Ryan 
1972; Ryan, 1974). Inhibitor accumulation is believed 
to be directed by a hormone like substance called 
the proteinase inhibitor inducing factor (PIIF), 
which is released from wound sites and translocated 
throughout the plant's vascular system. Since leaf 
damage caused by insects and fungal pathogens can 
also stimulate accumulation of these proteins, and 
because these inhibitors may have the potential to 
inhibit the digestive proteinases of invading pests, 
the wound response has been linked to the immune 
11 
response of animal systems (Green and Ryan, 1972; 
Ryan, 1974) . 
The Squash Inhibitor Family fif Serine Proteinases - The 
discovery of squash family serine proteinase 
inhibitors in cucurbitaceous seeds is the most recent. 
As early as in 1980, a group at Wroclaw University 
led by Prof. T. Wilusz reported that seeds of 
pumpkin (Cucurjbita maxima) contained small proteins 
which inhibited bovine trypsin (Polanowski et al., 
1980). The inhibitors showed no antichymotryptic or 
antikallikrein activity and seemed to be the smallest 
known protein inhibitors of serine proteinases. 
Independently, Prof. Pisano in his laboratory in the 
course of screening plant material for inhibitors of 
Hageman factor found that pumpkin seeds extract 
contained usually small trypsin and Hageman factor 
inhibitor (Hojima gt. al., 1980) . 
A protein, called Pumpkin seed Hageman Factor 
Inhibitor (PHFI) was subsequently isolated and turned 
out to be identical with Cucurjbita maxima trypsin 
inhibitor - CMTI III (Hojima gt ai., 1982). In 1983 
two inhibitors: CMTI I and CMTI III were sequenced in 
n 
Laskowski, Jr laboratory (Wilusz et ai-, 1983). The 
squash inhibitors are indeed the smallest known 
protein inhibitors of serine proteinases and are now 
included in the new inhibitor family - the squash 
inhibitor family (systematic latin name for this 
group of plants is Cucurbitaceae family). The striking 
characteristic of the family is that its member 
inhibitors are very small, comprising only 27-32 amino 
acid residues and are crosslinked by three disulfide 
bridges (Hara ejt al., 1989; Bode et ai., 1989). 
Squash family inhibitors contain a large amount 
of half -cystine residues, up to 20% of total amino 
acid residues. Hence the predominance of half-cystines 
can be used as a marker of squash family inhibitors. 
Due to the relatively small dimensions, rigidity and 
stability, squash inhibitors are particularly suitable 
for the study of serine proteinase - protein inhibitor 
interaction. Pure squash inhibitors are relatively easy 
to obtain as they are very stable and harsh 
purification techniques can be applied. 
Many inhibitors of this family have been purified 
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from the genera of Cucurbita, Cucumis, Mowordica and 
Lagenaria and their amino acids have also been 
sequenced. Their amino acid sequences show extensive 
homology (Wilusz et al., 1983; Wieczorek et al., 1985). 
Most of the inhibitors are inhibitory towards trypsin 
and the reactive site of the inhibitors is located 
at an Arg(Lys)^ - Ile^ peptide bond near the NH2 
terminus (Kara et al. , 1989; Favel et al., 1989). The 
only exception is MCEI-I {Momordica charantia elastase 
inhibitor) , which has Leu at the P-j^  position (Hara et. 
al. , 1989). 
Nomenclature of squash inhibitors: The nomenclature of 
squash inhibitors suggested by Wieczorek et. al. (1985) 
uses the scientific names of the plant species from 
which they are isolated e.g. Cucurbita maxima t.rypsin 
inhibitor is CMTI and Momordica charantia elastase 
inhibitor is MCEI. The different inhibitor form 
designation employs Roman numerals according to the 
order of elution of trypsin inhibitory activity from 
chromatography columns. 
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Amino Acid Sequences of Squash Inhibitors: Several 
inhibitors from seeds of different species of squash 
family were isolated and sequenced in mid 1980's. 
Amino acid sequences of some of the inhibitors are 
presented in Table I. 
Position of the reactive site bond between 
residues 5 and 6 is 100% conserved. P-^ residue, 
notation of Schechter and Berger (1967) is almost 
invariably Lys or Arg. These squash inhibitors 
strongly inhibit bovine trypsin, only exception is MCEI 
I which inhibits porcine elastase and here PI residue 
is Leu. Half cystine residues occur at the same 
positions, as shown in Table I. In comparison to the 
sequences of CMTI III and CPTI II, the sequences of 
CMTI IV and CPTI III are extended at N-terminus by 
His-Glu-Glu tripeptide. CSTI II b inhibitor is extended 
at the C-terminus by Val-ser dipeptide not present in 
other inhibitors. This fact suggests that squash 
inhibitors are synthesized as longer polypeptide 
chains and proteolytically processed post 
translationally both from the N- and C- termini. A 
carbohydrate moiety was never observed in these 
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proteins (there are no potential N-glycosylation sites 
in squash inhibitors). All squash inhibitors contain 
only one aromatic residue (Trp, Tyr or Phe) either at 
the position 7 or 27. 
17 
Reasons for undertaking this work 
Bioaffinity immobilization procedures are gaining 
increasing attention in the recent years in view of the 
ease of preparation of immobilized enzyme, 
reversibility of the immobilization and high 
accessibility of the immobilized enzyme. 
Polyclonal/monoclonal antibodies in view of their 
versatility are being employed to a large extent for 
this purpose. One of the principal limitations in the 
use of antibodies in the enzyme immobilization is the 
possible inhibition of the latter by the antibodies. 
While non-inhibitory monoclonal antibodies can be 
readily selected from amongst the spectrum available, 
presence of inhibitory populations may seriously 
restrict the use of polyclonal antibodies for the 
purpose. Some strategies in which polyclonal antibodies 
were raised against enzyme-inhibitor complex were 
successful in preventing the formation of inhibitory 
18 
antibody populations. [Stovickova, J., Franek, F. and 
Turkova, J. (1991) Biocatalysis, 5, 121-130; Fusek, M., 
Turkova, J., Stovickova, J. and Franek, F. (1988) 
Biotechnol. Lett., 10, 85-90]. 
Immobilized proteolytic enzymes are extremely 
useful and the objective of the present investigation 
is to use the small molecular weight Cucurbitaceae 
family inhibitor to block the active site of trypsin 
for raising non-inhibitory antibodies in rabbits. With 
this objective a small molecular weight trypsin 
inhibitor from the seeds of Kakri ( Cucumis melo 
utilissiwus) was purified. To the best of our knowledge 
the inhibitor has not been so far purified earlier from 
this source. 
MATCftlAlS & MCTHODS 
19 
MATERIALS 
Seeds The Kakri (Cucumis melo utilissimus) seeds used in 
this study were purchased from the local market. 
Chemicals Chemicals used in the present study were 
obtained from the sources as detailed below. 
Glass distilled water was used in all the 
experiments. 
Chemical 
Absolute alcohol 
Acetic acid 
Acrylamide 
Ammonium persulfate 
Ammonium sulfate 
Blue dextran 
Bovine serum albumin 
Bromophenol blue 
Casein 
Source 
Hayman Limited, England. 
E.Merck, India. 
Sisco Research 
Laboratories, India. 
Sisco Research Laboratories, 
India. 
Sisco Research Laboratories, 
India. 
Pharmacia Fine Chemicals, 
Sweden. 
Sisco Research Laboratories, 
India. 
B.D.H., England. 
Sisco Research Leiboratories, 
20 
Chymotrypsin 
Coomassie brilliant 
blue G-250 
Coomassie brilliant 
blue R-250 
Cupric sulfate 
di-sodium hydrogen 
phosphate 
Folin-phenol reagent 
Glycine 
2-Mercaptoethanol 
Methanol 
N,N'-methylene 
bisacrylamide 
Orthophosphoric acid 
Papain 
Potassium sodium 
tartarate 
Pronase E 
Proteinase K 
Sephadex G-50 
India. 
Sisco Research Laboratories, 
India. 
Sigma Chemical Co., USA. 
Sigma Chemical Co., USA. 
E. Merck, India. 
E.Merck, India. 
Sisco Research Laboratories, 
India. 
Sisco Research Laboratories, 
India. 
Sigma Chemical Co., USA. 
Qualigens, India. 
Fluka, Switzerland. 
Qualigens, India. 
E.Merck, Germany. 
E.Merck, India. 
E. Merck , Germany. 
E. Merck, Germany. 
Pharmacia Fine 
Chemicals, Sweden. 
Sodium carbonate E. Merck, India. 
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Sodium Chloride 
Sodium dihydrogen 
phosphate 
Sodium dodecyl sulfate 
N,N,N',N'-tetramethyl 
ethylenediamine 
Trichloro acetic acid 
Tris (hydroxymethyl) 
amino methane 
Trypsin 
Qualigens, India, 
5. Merck, India. 
Sigma Chemical Co., 
USA 
B'luka, Switzerland. 
Qualigens, India. 
Sigma Chemical co., 
USA. 
Sisco Research Laboratories, 
India. 
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METHOODS 
Preparation of Seed Homoaenate - 200 gm of the kakri 
seeds were taken and their seed coats were removed, 
finely ground and the powder was magnet stirred with 
0.9% sodium chloride for 1 hr at room temperature to 
give 10% (W/v) seed homogenate. The homogenate was 
filtered through a single layer of cheese cloth and 
then centrifuged at 10,000 r.p.m for 20 min at 4°C. 
The supernatant was decanted through two layers of 
cheese cloth to remove fatty materials. The filtrate 
was recentrifuged and the supernatant, which had been 
carefully separated from the fatty layer at the top of 
the tube by means of an aspirator, was referred to as 
"crude extract". To ensure that the crude extract is 
free of fatty materials, a small amount of homogenate 
was fractionated with ammonium sulfate to determine if 
the protein precipitates, in case where it was not fat 
free, the centrifugation at 10,000 r.p.m. for 20 min 
and recovery of the supernatant underlying the fatty 
layer was repeated. 
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Ammonium Sulfate Fractionation - The crude extract was 
brought to 60% saturation with ainmonium sulfate by 
adding 0.39 gm of solid (NH4)2 SO^/ml of solution at 
4°C. The preparation was kept overnight at 4°C. The 
precipitate containing most of the trypsin inhibitory 
activity was removed by centrifugation at 10,000 
r.p.m for 20 min. Additional ammonium sulfate (0.143 
gm/ml) was added to the supernatant to achieve 80% 
saturation. The precipitate containing trypsin 
inhibitory activity with high specific activity was 
collected by centrifugation and dissolved in minimum 
amount of O.lM phosphate buffer, pH 7.5 and stored 
at 0°C. 
Sephadex Colmnn Chromatoqraphv - A column of sephadex G-
50 was prepared. Sephadex G-50 was allowed to swell in 
distilled water for 2 hrs in a boiling water bath. A 
previously cleaned glass column was mounted vertically 
and glass wool plugged along with glass bead at the 
bottom of the column. The column was filled to one 
third of its length with the operating buffer. The 
deaerated gel slurry was then gently poured into the 
column with the help of a glass rod. The column was 
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left standing overnight. Flow rate was subsequently 
increased gradually with the help of stopcock. After 
accomplishing a constant rate of flow higher than 
required for final elution, the column was adjusted to 
the required flow rate. The column was thoroughly 
washed with two bed volumes of operating buffer (O.IM 
phosphate buffer, pH 7.5). In order to determine the 
uniform packing and void volume (VQ) of the column, 2.0 
ml of 0.2% (w/v) blue dextran was passed through the 
column. The buffer was carefully removed from the 
surface and 60-80% ammonium sulfate fraction applied. 
The column was eluted with 0.1 M phosphate buffer, pH 
7.5. Fractions of 3 ml were collected and a suitable 
aliquot was taken for the assay of trypsin inhibitory 
activity and protein estimation. 
Protein Estimation - Protein concentrations were 
determined by the method of Lowry et al (1951) and dye 
binding method of Bradford (1976). 
Procedure of Lowry et al: 1.0 ml aliquot of protein 
solution was taken and to this was added 5.0 ml of 
freshly prepared copper reagent (prepared by mixing 
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one part of 0.5% (w/v) copper sulfate in 1% sodium 
potassium tartarate and 50 parts of 2% (w/v) sodium 
carbonate in 0. IN sodium hydroxide). After incubation 
at room temperature for 10 min, 0.5 ml of 1 N Folin-
Phenol reagent was added and the tubes were instantly 
vortexed. Absorbance of the blue colour was measured 
after 30 min at 660 nm against a reagent blank in a 
Bausch and Lomb spetronic 20 spectrophotometer. 
The protein concentration was evaluated from a 
standard curve prepared using bovine serum albumin. 
Coomassie brilliant blue binding method: Protein was 
estimated by the dye-binding method of Bradford 
(1976), using coomassie brilliant blue G-250. BSA was 
used as standard for the preparation of calibration 
curve. The dye reagent was prepared by dissolving 50 
mg coomassie brilliant blue G-250 in 25 ml of absolute 
alcohol. 50 ml of 85% (w/v) orthophosphoric acid was 
added to this solution. Most of the dye dissolved in 
phosphoric acid and the resulting red coloured 
solution was finally diluted to 500 ml with distilled 
water. The dye was filtered through a Whatman No. 1 
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paper before use. 
Protein solutions of appropriate dilutons were 
placed in test tubes and adjusted to a final volume of 
0.1 ml with distilled water. 5.0 ml of the dye reagent 
was added and the contents were vortexed. The 
absorbance was measured after 5 min at 595 nm 
against a reagent blank. Blank was prepared hy mixing 
0.1 ml of distilled water and 5.0 ml of dye reagent. 
Assay of Inhibition - Activity of trypsin and its 
inhibition was assayed by the casein digestion method 
(Kunitz, 1947). The assay mixture, in a total volume of 
1.0 ml, consisting 0.4 ml (8 ugm) of suitably diluted 
enzyme, suitable amount of the inhibitor (CMUTI) and 
0.1 M phosphate buffer, pH 7.5 was incubated for 5 
min at 37°C. 1.0 ml of 2% (w/v) casein solution 
prepared in the same buffer was added and the mixture 
was reincubated at 37°C for 15 min. The undigested 
casein was precipitated by the addition of 1.0 ml of 
20% (w/v) TCA solution . The precipitate was allowed to 
stand at room temperature for 30 min. Following 
centrifugation at 2,000 r.p.m for 10 min, suitable 
aliquots of the supernatant were • analysed by the 
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Folin-phenol reagent (Lowry et ai-i 1951) to determine 
the extent of hydrolysis of casein. 
Appropriate controls were prepared by adding 
casein after inactivating the enzyme with TCA. 
One unit of inhibitory activity (lU) is defined 
as the amount of inhibitor that causes a 0.001 
decrease in absorbance of active enzyme under assay 
conditions. 
Polyacrylamide Gel Electrophoresis - Polyacrylamide gel 
electrophoresis with and without SDS was performed 
according to the method of Laemmli (1970) . Gels were 
prepared from a stock solution of acrylamide (30%) and 
N, N'-methylene bisacrylamide (0.8%). Suitable amounts 
of samples containing protein were applied to the 
wells of the slab gel. Electrophoresis was performed 
in Tris-glycine buffer until the bromophenol blue dye 
marker reaches the bottom of the gel. 
After the electrophoresis is completed, protein 
bands were detected by staining the gels with Coomassie 
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brilliant blue R-250 dye solution. Destaining was 
carried out with 10% acetic acid until the 
background became clear. 
ACSULTS 
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ISOLATION AND PURIFICATION OF THE INHIBITOR CMUTI 
FROM THE KAKRI (Cucumis melo utilissimus) SEEDS 
A two step simple procedure was worked out for the 
purification of the protease inhibitor from the Kakri 
seeds. 
Ammonium Sulfate Fractionation - Ammonium sulfate 
fractionation was used as the first purification step. 
10% (w/v) crude extract of the kakri seeds was made 
60% saturated by the addition of solid ammonium 
sulfate and kept overnight at 4°C. The precipitate 
was separated by centrifugation and discarded. The 
supernatant was made 80% saturated by further 
addition of ammonium sulfate. After overnight 
incubation at 4°C, the precipitate was recovered by 
centrifugation and suspended in a minimal volume 
(about 20 ml) of 0.1 M phosphate buffer , pH 7.5. In 
the initial experiments attempts were made to dialyze 
the ammonium sulfate fraction against phosphate buffer 
but this resulted in significant loss of Lowry positive 
material and trypsin inhibitory activity. Dialysis step 
was therefore omitted from subsequent studies. 
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2.5 - fold purification was achieved by 
ammonium sulfate fractionation and the yield of the 
inhibitor CMUTI at this step was 19% (Table II) . 
Sephadex G-50 Gel Filtration - 6.0 ml of the 60-80% 
ammonium sulfate fraction was applied to a Sephadex G-
50 column (2.0 x 35 cm) which was previously 
equilibrated with 0. IM phosphate buffer, pH 7.5. The 
column was eluted with the buffer and 3 ml fractions 
were collected and assayed for protein and trypsin 
inhibitory activity. Figure 2 shows the elution profile 
of CMUTI on the Sephadex G-50 column. As evident from 
the figure, the eluted major protein peak was devoid 
of significant trypsin inhibitory activity. The second 
and smaller peak eluting nearly at the end of bed 
volume contained most of the inhibitory activity. 
The fractions containing maximal inhibitory 
activity (Fractions 24-34) were pooled (50 ml) and 
concentrated by lyophilisation to 7.4 ml. This 
fraction was used in further studies. 
The purification of CMUTI is sununarized in table 
II. CMUTI was purified 11.7 fold. The G-50 
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purified inhibitor (CMUTI) exhibited a specific 
activity of 995 Inhibitory units/mg of protein 
Electrophoresis - Slab gel electrophoresis of the 
purified CMUTI was performed both in absence and 
presence of SDS. 
The isolated CMUTI migrated as multiple bands 
in polyacrylamide gels under non-denaturing 
conditions; at least five clearly separable bands could 
be identified (Figure 3,a). In order to determine if all 
the bands were inhibitory towards trypsin, the 
unstained gels were sliced , homogenized in 0.1 M 
phosphate buffer, pH 7,5 and assayed for trypsin 
inhibitory activity. Trypsin inhibitory activities could 
be located in regions corresponding to each of the 
bands, suggesting the presence of isoinhibitors. No 
inhibitory activity could be detected in other regions 
of the gel lacking the protein bands. When the 
electrophoresis was performed in presence of SDS 
however a single major band was evident (Figure 3,b). 
This suggests that the isoforms of inhibitor may 
differ only in charge but not in mass. 
The purified CMUTI was subjected to 
electrophoresis in 12.5% acrylamide gel in 
absence (a) or presence of SDS (b) . Prior to 
SDS-PAGE, the protein was denatured by 
heating at 100°C for 3 minutes with sample 
buffer containing 2-mercaptoethanol. 
(a) Purified CMOTI 24 ug ( ..^ nes 1,2^ .3'^  
(b) Purified C3«0TI 30 ug 
34 
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PROPERTIES OP TOE PURIFIED CMUTI 
In view of the difficulties of isolating a 
single species of this inhibitor, properties of the 
inhibitor were investigated using fractions obtained 
by gel filtration (lyophilised). 
Effect of pH - Effect of pH on the activity of CMOTI 
was investigated between pH 6.0 and 10,0. The pH-
activity curve of trypsin shows a pH optimum of 8.0-
9.0 , when casein was used as the substrate (Figure 4). 
Significant inhibition of trypsin was observed at all pH 
values. Highest inhibitory activity was however 
observed at pH 8.0 and the inhibitory activity 
decreased above and below this pH value. 
Effect of Temperature - The effect of temperature on 
the caseinolytic activity of trypsin in presence and 
absence of CMUTI is shown in Figure 5. Optimum 
activity of trypsin was observed under the conditions 
of this experiment at 50°C. The inhibitor exhibited 
optimum activity at 40°C and incubation at higher 
temperatures resulted in decrease in its inhibitory 
potential. 
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Effect on other proteases - Table I I I shows the effect 
of CMUTI on the caseinolyt ic a c t i v i t y of various 
proteases . 
Highest i n h i b i t i o n was observed with t r y p s i n 
al though chymotrypt ic a c t i v i t y was a l s o a f f e c t e d 
s ign i f i can t ly . The CMUTI showed very weak act ion on 
papain and pronase E. While proteinase K and a lka l ine 
protease i so la ted from Spilosoma obliqua (Lepidoptera) 
were effected to a very small extent . 
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TABLE - III 
Inhibitory Activity of CMUTI towards various Proteases 
Enzyme Inhibition (%) 
Trypsin 42 
Chymotrypsin 22 
Papain 10 
Pronase E 8 
Alkaline 5 
Protease from 
Spilosoma obliqua 
Proteinase K 1 
Assay of inhibition by CMUTI was performed under standard conditions as 
described in the text using casein as substrate. 
Each value represents the average of three experiments performed in duplicates. 
DISCUSSION 
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Protein inhibitors of serine proteinases form a 
large and well-characterized group of proteins 
(Laskowski and Kato, 1980; Read and James, 1986; Bode 
and Huber, 1992). They are common in animal tissues as 
well as in microorganisms but are abundantly present 
in various plants and plant seeds. These serine 
proteinase inhibitors of plant origin are classified 
into six separate families on the basis of their 
homology in primary structures including the location of 
the reactive site and disulfide bridges (Laskowski, 
1986) . 
The most recently established category - the 
squash family inhibitors are the smallest inhibitors of 
serine proteinases. They are unique proteins consisting 
of 27-32 amino acid residues, cross linked by three 
intramolecular disulfide bridges (Kara et al., 1989; 
Bode et al., 1989). So far, they have been isolated 
from squash seeds of Cucurbitaceae family. The 
inhibitors of this family possess a completely conserved 
stretch of 12 amino acids. The six cysteine residues 
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within this conserved region are considered to be 
important to the stability of the molecule (Bode gjt al. . 
1989). The squash family inhibitors are rich in half -
cystine residues (about 20% of the total amino acid 
residues) , thus the half-cystines can be used as a 
marker of squash family inhibitors. Squash inhibitors 
are potent inhibitors of bovine trypsin and form very 
strong complexes (Wieczorek gt. ai., 1985). In addition 
some other serine proteinases of trypsin-like 
specificity - i.e. plasmin, plasma kallikrein and 
thrombin are also inhibited by squash inhibitors 
(Otlewski et al., 1990). 
The biological function of squash inhibitors is 
still not clear, but it has been suggested that they 
influence the level of RNA polymerase synthesis during 
plant growth (Wisniowska et al. , 1988) or that they 
behave as hormonal growth factors (Polanowski et al. . 
1988) . 
Because of the small size, several variants of 
squash inhibitors can also be synthesized chemically 
(Kupryszewski et al-» 1985). They are regarded as ideal 
models to study proteinase - inhibitor interactions in 
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detail. It is also possible to design new variants with 
increased binding energy and specificity towards some 
serine proteinases by computer-aided modelling (Otlewski 
et al., 1990). 
Several inhibitors of squash family have been 
purified from various cucurbitaceous seeds like squash, 
Zucchini;, summer squash, cucumber (Wilusz gt. ai-/ 1983; 
Wieczorek et ^ . , 1985), bitter gourd (Hara gt al.. 
1989), gourd (Hamato et al., 1992), bottle gourd 
(Matsuo et. aJL. , 1992) and properties investigated. 
Squash inhibitors have also been purified from other 
Cucurbitaceae plants from South Africa (Jubert, 1984), 
Japan (Hara et aJL. , 1989; Matsuo et, al. , 1992; 
Hakateyama et al. , 1991), China (Huang et al., 1992) and 
France (Favel et. ai. , 1989). To the best of our 
knowledge, no such report has appeared from this 
country. 
In earlier studies, several squash inhibitors have 
been purified by affinity chromatography (Hara gt al.. 
1989; Polanowski et al., 1988; Wilusz, 1983; Pham gt 
al. . 1985; Joubert, 1984; Wieczorek gt. aX-, 1985). 
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Although affinity chromatography is a rapid and 
convenient purification method, it has the inevitable 
disadvantage that the reactive site of the inhibitors 
might get modified by proteinases used as affinity 
ligands (Matsuo et al., 1992). Therefore in order to 
prevent the modification of inhibitors , convenient 
purification methods-gel filtration and reversed phase 
chromatography have been employed by biochemists. 
In the present study, a trypsin inhibitor, CMUTI, 
has been isolated and purified from Kakri (Cucumis melo 
utilissimus) seeds by ammonium sulfate fractionation and 
gel filtration. It was found to be a strong inhibitor of 
trypsin and also inhibited the activity of chymotrypsin 
significantly. 
Ogata et ai. (1991) have purified an inhibitor, 
BGIA, from bitter gourd that acts on acidic amino acid 
specific endopeptidase of Streptomyces griseus. They 
could achieve 3-fold purification of BGIA by ammonium 
sulfate fractionation and purification was 219-fold by 
Sephadex G-50 column chromatography. The yield of the 
inhibitor was 37,5%. 
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We were able to achieve 2.5-fold purification of 
CMUTI when the crude extract was precipitated between 
60-80% saturation of ammonium sulfate. About 12-fold 
purification was achieved by employing Sephadex G-50 
column chromatography and the yield was 13% (Table II). 
Two trypsin isoinhibitors, LLDTI-I and LLDTI-II 
from bottle gourd {Lagenaria leucantha Rusby var. 
Depressa Makino) seeds have been purified by Matsuo et, 
al. , 1992 by acetone precipitation, gel filtration and 
reversed phase chromatography. The yield of 
isoinhibitors, LLDTI-I and LLDTI-II, was 2.8% 
respectively. 
Three trypsin inhibitors, CMCTI-I, II and III from 
oriental pickling melon {Cucuirtis ruelo L. var. Conomon 
Makino) seeds have also been purified (Nishino et al. . 
1992) by acetone precipitation, gel filtration and 
reversed phase chromatography. The yield of three 
inhibitors (CMCTI-I, II and III) was 2.4%, 1.4% and 
13.1% respectively. 
The purified trypsin inhibitor, CMUTI, from Kakri 
iCucumis melo utilissimus) seeds showed single but not 
very sharp band in SDS-PAGE (Figure3,b) but migrated as 
five bands in PAGE under non-denaturing conditions 
(Figure 3, a). This suggests that CMUTI exists in 
isoforms which differ in charge but not in mass. 
Alternatively the multiplicity of bands under non-
denaturing conditions may result from aggregation of the 
inhibitor protein. Further studies are needed to decide 
between the possibilities. Existence of multiple forms 
of squash inhibitors with minor variations in the 
sequence have been reported from nearly all the sources 
from which they have been purified. They include bottle 
gourd (Matsuo e^ ai. , 1991), oriental pickling melon 
(Nishino et al., 1992), pumpkin (Leluk et al., 1983), 
bitter gourd (Kara e^ al., 1989), zucchini (Leluk et 
al., 1983). The reason for low yield of CMUTI in the 
present study could be the heterogeneity of preparation 
or the loss of larger trypsin inhibitory protein in 0-
60% ammonium sulfate precipitation step. 
As observed with most squash family inhibitors, 
the CMUTI was stable and exhibited inhibitory activity 
over the entire pH range (pH 6.0-10.0). The optimum 
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inhibition was however observed at pH 8.0 and only 
marginal decrease in inhibitory activity observed above 
( p;gctre 4-)-
and below this pH^ In contrast the CMUTI appeared labile 
to high temperature. The inhibitor was optimally active 
at 40°C and gradually lost its ability to interfere 
with proteolysis when the temperature was raised. The 
(figure 6)-
inhibitor was completely inactive at 80°C/ Considering 
the small size of the inhibitor, the thermolability of 
the inhibitor is surprising and needs further 
experimentation to ascertain possible reasons. 
Almost all the squash inhibitors are strong 
inhibitors of bovine trypsin (Otlewski et al., 1990) 
but the strong inhibition of porcine trypsin has also 
been reported (Huang et al., 1992; Gaboriaud et. al. . 
1989) . It has also been reported that other serine 
proteinases of trypsin like specificity, including 
human plasmin (Ka= 10^ M'-"-) , human plasma kallikrein and 
human thrombin (very weakly) are also inhibited by 
squash inhibitors (Otlewski e^ al-, 1990) . Strong 
associatioin (Ka= 10° M •^) has been reported for human 
cathepsin G (Otlewski e^ 4]^. , 1990) . Other serine 
proteinases, including subtilisin BPN', porcine 
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pancreatic and human leukocyte elastases and bovine 
chymotrypsin form very weak complexes with the 
inhibitors (Otlewski et ai., 1990). 
The inhibitory action of CMUTI towards various 
proteases is interesting. Like most squash family 
inhibitors, CMUTI was most inhibitory towards trypsin 
(Table III) . It also exhibited substantial inhibition 
towards chymotrypsin. While we are not aware of a 
natural squash inhibitor with inhibitory capacity of 
this magnitude towards chymotrypsin, the possibility of 
designing a synthetic variant of the inhibitor with 
ability to inhibit any serine proteinase has been 
suggested (Otlewski, 1990). Papain (Plant source), 
pronase E (Microbial source) and alkaline protease 
{Spilosoma obliqua, a lepidopteran larvae) were weakly 
inhibited and proteinase K (Microbial source) was the 
least inhibited (Table III). 
SUMMRRV 
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A trypsin inhibitor, the CMUTI from the Kakri 
iCucumis rnelo utilissimus) seeds was purified using 
ammonium sulfate fractionation followed by gel 
filtration on Sephadex G-50. Ammonium sulfate 
fractionation resulted in 2.5-fold purification with a 
yield of 19%. The CMUTI was purified 12-fold with a 
yield of 13% on subsequent gel filtration 
chromatography on Sephadex G-50. The purified 
preparation exhibited a specific activity of 995 lU/mg 
of protein. The purified CMUTI migrated as a single 
major band in polyacrylamide gel electrophoresis 
performed in presence of SDS. It however showed five 
clearly separable bands in PAGE under non denaturing 
conditions. 
While the CMUTI was active in inhibiting the 
trypsin over the entire investigated pH range (pH 6.0 -
10.0), it exhibited maximum inhibition at pH 8.0. The 
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inhibitor however appeared thermolabile and its 
inhibitory activity towards trypsin at pH 8.0 decreased 
with increase in temperature above 40°C. 
The CMUTI was most inhibitory towards trypsin but 
also exhibited significant inhibitory activity against 
chymotrypsin. Papain, pronase E, alkaline protease 
{Spilosoma ohliqua) and proteinase K were very weakly 
inhibited. 
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